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N early 45 million children and adolescents participate in organized sports in the United States. With the increase in athletic competition, along with the demands placed on participants in organized sports, a rise in sports injuries has also been observed. 7 The clavicle is the most commonly fractured bone in both adults and children, 1, 4, 11, 13 accounting for 5% to 15% of all fractures and 35% to 44% of those in the shoulder region. 22, [28] [29] [30] Approximately 85% of pediatric clavicle fractures result from sports or recreational activities, 31 and they are among the most common fractures in adolescents. 28 As children transition into adolescence, their activity levels and competitive expectations can be greater than those of adults. Therefore, a potential role for surgical treatment of clavicle fractures in highly functional adolescent athletes to improve time to return to sport and functional outcomes may exist. Few articles have evaluated adolescent clavicle fractures treated with surgical fixation, with the majority being retrospective review studies. 1, 6, 10, 13, 18, 21, 34, 35 Even fewer studies have specifically investigated outcomes of surgical versus nonsurgical management of clavicle fractures in adolescents. 35 The purpose of our literature review was to examine surgical indications, union rate, method of fixation, time to union, return to sport, and complications of surgical treatment of clavicle fractures in the adolescent athlete. young child because most clavicle length is reached at a relatively early age. 1, 6, 16, 18, 35 Eighty percent of the clavicle's growth is complete by age 9 years in girls and by age 12 years in boys, which may have implications for remodeling potential in adolescents. 5 Furthermore, when comparing clinical relevance of shortening between adults and adolescents, consider interindividual variation in total clavicle length. Two centimeters of shortening in a 10-cm skeletally immature clavicle will result in a relative shortening of 20%, whereas 2 cm of shortening in a 17-cm adult clavicle will result in relative shortening of 12%. 33 Therefore, the clinical impact of absolute shortening in adult studies may have an equal or even greater impact on the adolescent total clavicle length and relative shortening. Because of low repeatability and variability in clavicle length and shortening with measurements based on plain radiographs, 32 using 3-dimensional computed tomography scans to evaluate length, shortening, and comminution of clavicle fractures may be indicated. 10, 26 nonsurgicAl versus surgicAl mAnAgement Nonsurgical management with a sling or figure-of-8 immobilization is appropriate for nearly all clavicle fractures in children because of their excellent healing and remodeling capabilities. 22, 26, 29 In the 1960s, Neer 22 and Rowe 29 reported higher nonunion rates with operatively treated fractures than with nonoperative treatment, making closed treatment of clavicle fractures widely accepted as the standard of care.
Although few studies have focused on the management of adolescents, several have included adolescents in their patient populations, 2, 8, 17, 19, 24, 36 leading surgeons to question the utility of operative treatment in younger age groups. A survey of 302 members of the Pediatric Orthopedic Society of North America (POSNA) determined that >90% of members favored nonoperative treatment of nondisplaced clavicle fractures. 3 However, nearly half of all respondents favored surgical treatment of teenagers (age 16-19 years) with segmental fracture patterns. Fifty percent of members indicated that they were more likely to choose surgical treatment for an elite overhead-throwing adolescent athlete with a completely displaced clavicle fracture.
Several studies have compared surgical and nonsurgical treatment of clavicle fractures in adult athletes, with significant advantages shown in postoperative strength, 37 outcome scores, 12, 19, 36 quicker time to return to competition, 12, 19, 20, 27, 36 and lower refracture rates with surgical treatment. 20 Although mild decreases in shoulder function may be readily tolerated, an early return to activity with unimpaired function is of great importance for athletes, with time lost due to injury resulting in missed practices and competition at both the amateur and professional levels. 12, 19 Studies of adults with clavicle fractures have reported inferior outcomes with nonsurgical treatment than with surgical treatment. 9, 17, 24, 25 McKee et al 17 demonstrated decreased strength in the injured arm with nonsurgical treatment. Abduction strength was 67% of that of the contralateral arm. Weakness in abduction strength may be most notable in highly active adolescent overhead throwing athletes who rely on extremes of motion and strength. These negative effects may be long lasting: A 10-year follow-up study reported that 46% of nonoperatively treated patients did not consider themselves fully recovered, with 29% having pain during activity and 9% having pain at rest. 25 
indicAtions For surgicAl mAnAgement oF FrActures
Absolute indications for surgical treatment of clavicle fractures in both adults and adolescents are open fractures, severe angulation, or displacement causing potential risk for skin perforation, neurovascular compromise, and symptomatic nonunion ( Figure 2) . 4, 13, 26, 30, 38 Relative indications for surgery include fracture shortening >1.5 to 2 cm, or 14% to 15% of the contralateral side, polytrauma, floating shoulder, significant seizure or neuromuscular disorder, Neer Type II displaced distal-third fractures, and unsightly cosmetic appearance due to displacement. 26, 30, 38 In a recent review of adolescent clavicle fractures, Pandya et al 26 reported that adolescents with clavicle fractures that are completely displaced (no cortical contact), comminuted, or present with a transverse Z-shaped fragment should undergo surgical fixation (Figure 3) . Relative shortening by itself is insufficient to warrant surgical treatment and must be accompanied by comminution, marked displacement, or skin tenting. The Z-variant was the most common in 57.9% of adolescents studied by Hosalkar et al 10 and in 41% by Vander Have et al. 35 nonunion And mAlunion With nonsurgicAl treAtment
Although nonunion of adolescent clavicle fractures is rare, 23 malunion is more common given limited remaining growth for potential remodeling (Figure 4) . With nonsurgical treatment, maintenance of closed reduction until bony consolidation is nearly impossible. Therefore malunion, whether symptomatic or asymptomatic, is nearly inevitable. 9, 17, 33 Adolescents with >2 cm of shortening were more likely to develop symptomatic malunion with nonsurgical treatment, with 4 of 5 patients electing to have a corrective osteotomy. 35 Their symptoms were pain with prolonged overhead activity, easy fatigability, axillary pain, and drooping shoulder with painful bony prominence. All 4 patients returned to activities at a mean 12 weeks after surgery. Similarly, symptomatic malunion has been reported in 18% of nonsurgically treated adult patients. 2 In a cadaveric study, Matsumura et al 15 associated clavicular shortening with decreased scapular external rotation and posterior tilting during elevation. Similarly, in a retrospective review of clavicle malunions with >1.5 cm shortening evaluated with 3-dimensional reconstructive computed tomography scanning, investigators found increased sternoclavicular joint angulation and alteration of scapulothoracic relationships. 14 Peak shoulder abduction velocity and weakness in shoulder external rotation, adduction, and internal rotation were also significantly reduced in the injured arm.
surgicAl treAtment And outcomes
Kubiak and Slongo 13 retrospectively reviewed 15 surgically treated clavicle fractures in children aged 9 to 15 years: 8 had midshaft fractures, 2 medial fractures, and 5 lateral fractures. The most common indication for surgery was displacement and interposition of soft tissue. There were no reports of infection, instability, or poor functional results. All patients recovered complete range of motion at last follow-up.
Mehlman et al 18 evaluated clinical and radiographic results of surgical fixation of completely displaced clavicle shaft fractures in 24 patients younger than 16 years (mean, 12.7 years; range, 7-16 years). Twenty-two patients were treated with plate and screw fixation. At an average follow-up of 16 months, all parents were satisfied with their child's treatment, and 21 of 24 (87%) patients returned to unrestricted sports activities. There were 3 complications: transverse ulnar nerve symptom of 3 months duration, scar sensitivity, and mildly painful scar.
Comparison Groups of Nonoperatively Treated Patients
Namdari et al 21 reported on 14 patients (mean age, 12.9 years; range, 10-15 years) with displaced midshaft clavicle fractures treated with plate fixation. Twelve were originally treated nonoperatively but underwent surgery because of increased displacement at 3 weeks. Average follow-up was 37.9 months, and mean postoperative QuickDASH (Disabilities of the Arm, Shoulder, and Hand) scores were 7 (range, 0-37.5), with an average score for DASH sport modalities of 1. et al 35 compared outcomes in surgical (n = 17) and nonsurgical (n = 25) treatment groups in 42 consecutive adolescent patients with 43 closed midshaft clavicle fractures (mean age, 15.4 years; range, 12-17 years). The mean time to union was 9.9 weeks (range, 6-16 weeks) in the nonoperative group versus 7.5 weeks (range, 6-10 weeks) in the operative group. There were no significant intraoperative or postoperative complications. Symptomatic malunion, with a mean fracture shortening of 26 mm, developed in 5 patients in the nonoperative group. There were no nonunions in either group.
return to sport
Surgical treatment of clavicle fractures in adult athletes have reported faster return to sport, 12, 19, 20, 27, 36 improved strength, 37 and higher satisfaction scores. 12, 19, 36 Jubel et al 12 evaluated intramedullary surgical treatment for mid-third clavicle fractures in 12 top-performance athletes; 6 were adolescents. They resumed training an average of 5.9 days after surgery and returned to competition at an average of 16.8 days.
complicAtions oF surgicAl treAtment
The surgical treatment of adolescent clavicle fractures has associated risks and potential complications seen with adult clavicle fractures: infection (0%-18%), nonunion (2%-15%), neurovascular injury (0%-5%), adhesive capsulitis (0%-7%), refracture after hardware removal (0%-8%), and symptomatic hardware (50%-100%) ( Figure 5) . 11, 35 Paresthesia over surgical site, unsatisfactory appearance of scar, pseudobursae, skin perforation from hardware, and refracture have been reported in younger patients by Kubiak and Slongo. 13 Hardware removal because of irritation is the most common secondary surgical procedure after surgical treatment of clavicle fractures; 41% of adolescents complained of irritation from pin prominence that was relieved with hardware removal. 6 Three patients (17.6%) treated with plate fixation elected hardware removal because of local prominence. 35 
conclusion
The adolescent athlete with a displaced, shortened, or comminuted clavicle fracture presents a unique, controversial dilemma for the treating surgeon, the athlete, and the patient's family. The athlete's age, years of growth remaining, potential for remodeling, and level of functional demand of sporting activities should be considered when evaluating the adolescent patient for appropriate treatment modalities. Excellent outcomes and earlier return to competition can be achieved with surgical management of displaced adolescent athlete clavicle fractures ( Figure 6 ). However, patients and families must be counseled regarding the known complications. For reprints and permission queries, please visit SAGE's Web site at http://www.sagepub.com/journalsPermissions.nav.
